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Abstract
Aims-To evaluate the immunoreactivi-
ties of neoplastic and non-neoplastic
monocytoid B cells (MBC) and compare
them with hairy cell leukemia (HCL) and
mantle cell lymphoma (MCL).
Methods-An immunohistochemical study
of paraffin wax embedded sections was
done on surgically resected specimens of
spleens with MBC clusters from patients
with gastric cancer (14 cases), tonsils
(five cases), and lymph node (two cases)
showing lymphoid follicular hyperplasia
(LFH), submandibular lymph nodes con-
taining MBC in Sjogren's syndrome (one
case). Extranodal organs affected by
MCL (three cases) and monocytoid B cell
lymphoma (MBCL) (seven cases), and
spleens from HCL (four cases) were also
studied. These specimens were fixed in
10% formalin and routinely processed for
paraffin wax embedding. Fresh spleen
specimens from patients with liver cir-
rhosis (one case) and gastric cancer
(seven cases) were snap frozen.
Results-Mantle zone lymphocytes were
DBA.44, CD74 positive and showed a
weaker reaction for CDw75 than mar-
ginal zone lymphocytes and MBC, which
were almost DBA negative. In neoplastic
diseases tumour cells in MCL were
DBA.44, CD74, and CDw75 positive.
MBCL showed a positive reaction for
CD74 and CDw75, but positivity for
DBA.44 was observed in only one ofseven
cases. The HCL specimens, all positive
for DBA.44, showed a weaker reaction for
CD74 and a stronger reaction for CDw75
than either MCL and MBCL specimens.
Conclusion-These results show that
mantle zone lymphocytes and MCL more
closely matched HCL for reactivity to
DBA.44 than MBC and MBCL.
Reactivities for DBA.44 and CDw75 were
greater in MBCL compared with its non-
neoplastic counterpart, MBC.

(7 Clin Pathol 1994;47:928-932)

"Monocytoid" cells or "immature sinus histio-
cytes", present in the lymph nodes of patients
with toxoplasmic lymphadenitis, Sj6gren's
syndrome, or AIDS, are B cell in nature, and
termed monocytoid B cells (MBC) .*-4 Our
recent study showed that MBC occur in the
spleens of older patients with gastric cancer5
and extranodal organs affected by auto-

immune disorders, such as Hashimito's thy-
roiditis. A malignant counterpart of MBC
has subsequently been recognised-mono-
cytoid B cell lymphoma (MBCL).7
The B cell character of hairy cell leukemia

(HCL) has been well established by immuno-
logical and immunogenetic studies.89 How-
ever, the normal counterpart of HCL cells
and its stage in the continuum of B cell differ-
entiation remains unknown. HCL cells char-
acteristically express an antigen (CD 1 1 c)
usually found on monocytes/macrophages
recognised by Leu-M5, together with B cell
antigens.'0 Immunophenotypic similarities
between HCL cells and MBC have been
reported." 12

Monoclonal antibody DBA.44, which is
raised against a diffuse large cell lymphoma
cell line in normal Balb/C mice, reacts with a
subpopulation ofB lymphocytes in the mantle
zone of lymphoid follicles."3 Within the group
of low grade B cell lymphomas DBA.44
reacted principally with HCL. In this study
the immunoreactivities of neoplastic and non-
neoplastic MBC to DBA.44 and other anti-
bodies were evaluated and compared with
HCL and mantle cell lymphoma (MCL).

Methods
Surgically resected spleens from patients with
gastric cancer (n = 14), tonsil of lymphoid fol-
licular hyperplasia (LFH) (n = 5), lymph
nodes of LFH (n = 2), submandibular lymph
node of Sjogren's syndrome (n = 1), extra-
nodal organs affected by MCL (n = 3) and
MBCL (n = 7), and spleens from HCL (n =
4) were investigated. The sex ratio and
median age of patients was as follows: gastric
cancer, 2-3:1 and 49 years; LFH of tonsil, 3:1
and 34 years; LFH of lymph nodes, 1:1 and
28 years; Sj6gren's syndrome, all female and
aged 43 years; MCL, 1:2 and 53 years;
MBCL, all female and aged 53 years; and
HCL, 3:1 and 49 years, respectively.

All patients with HCL presented with
severe splenomegaly, absent or only a mild
superficial lymphadenopathy, and circulating
leukaemic cells with a hairy appearance as
detected by phase contrast microscopy.
Immunohistochemical staining showed that
the leukaemic cells were acid phosphatase
positive because they were resistant to tar-
trate. Immunologically, these cells had surface
immunoglobulins and were positive for
CD1lc, CD20, and CD25. Specimens were
fixed in 10% formalin and routinely processed
for paraffin wax embedding. Sections, cut at
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Immunoreactivity of neoplastic and non-neoplastic monocytoid B lymphocytes for DBA. 44 and other antibodies

Table 1 Antibody panel

Antibody PRimary immunoreactivity Source

Frozen sections
CD5 (Leul) T cell, mature B cells Beckton Dickinson (Mountain

View, California)
CDlI c (LeuM5) Monocytes, granulocytes, hairy cell leukemia Beckton Dickinson
CD24 (BA-1) Mantle zone cells, granulocytes Hybritech, Hialeah, Florida
DBA.44 Mantle zone cells, some immunoblasts, hairy cell

leukemia Dakopatts (Copenhagen)

Paraffin wax sections
CD3 T cells Dakopatts
CD15 (LeuMl) Monocytes, myeloid cells, some epithelial cells Beckton Dickinson
CD20 (Mx-PanB) B cells Kyowa Medex (Tokyo)
CD43 (MTI) T cells Bio-Science (Emmenbrucke)
CD45RA (4KB5) B cells, monocytes Dakopatts
CD45RO (UCHL-1) T cells Dakopatts
CD74 (LN2) B cells, interdigitating reticulum cells, Reed-Stemnberg cells Techniclone
CDw75 (LN1) Germinal centre cells Techniclone
MB-1 B cells Bio-Science
DBA.44 Mantle zone cells, hairy cell leukemia Dakopatts
CD68 (KP-1) Monocytes, granulocytes Dakopatts
CD68 (PGM1) Monocytes Dakopatts
EMA Epithelial cells Dakopatts
S-100 Langerhans' cells Dakopatts

4 ,um, were stained with haematoxylin and
eosin and immunoperoxidase (avidin biotin
complex (ABC) method). Fresh spleen speci-
mens from patients with liver cirrhosis (one
case) and gastric cancer (seven cases) were

snap frozen in liquid nitrogen (-180°C) and
stored at -80°C until use for immunohisto-
chemistry. The monoclonal antibodies used in
this study are listed in table 1. The effect of
treatment on tissue sections by microwave
oven heating (five minutes) was estimated.

Results
The results of the immunohistochemical
study of reactive states are summarised in
table 2. In the frozen and paraffin wax embed-
ded sections of spleen, mantle zone lympho-
cytes showed a stronger reaction for DBA.44
than parafollicular cells. Recently, we

reported the occurrence ofMBC in the spleen
of elderly patients with gastric cancer.5 All the
paraffin wax embedded spleens from 14
patients with gastric cancer contained clusters
of monocytoid B cells, which were completely
non-reactive with DBA.44 but were positive
for CD20, MB-1, CD45RA, CD74, CDw75,
and negative for CD43, CD45RO, CD15,
CD68, and epithelial membrane antigen
(EMA) (fig 1). In the tonsil and lymph nodes

showing LFH, positively reacting cells for
DBA.44 were exclusively found in the mantle
zone, which were CD20+, MB-1+,
CD45RA+, CD74+, CDw75-. In one case

of LFH of tonsil many small cleaved cells,
together with non-cleaved cells in the germi-
nal centres, positively stained for DBA.44.
Monocytoid cells appearing in the lymph
node of Sj6gren's syndrome were DBA.44 -,

CD20+, MB-1+, CD74+, CDw75+. Pro-
liferating cells in MCL were positive for
DBA.44, though a few cells were positive in
one case and CD20+, MB-1+, CD45RA+,
CD74+, CDw75+ in all cases. The intensity
of staining for DBA.44 in MCL was similar to
that in mantle zone lymphocytes, but was

rather weaker than that in HCL.
Proliferating cells in one of seven cases of

MBCL showed a positive reactivity for
DBA.44 and were CD20+, MB-1+,
DF45RA+, CD74+, and CDw75+ (fig 2).
The microwave heating of tissue sections
strengthened the intensity of the positive reac-

tion, though the number of positive cases for
DBA.44 did not increase. All cases of HCL
reacted positively for DBA.44 and were posi-
tive for CD20, MB-1, and CD45RA (fig 3).
The reactivity of the proliferating cells in
HCL for CD74 was weaker but stronger for
CDw75 than those ofMCL and MBCL.

Table 2 Results of immunohistochemistry in reactive states

Immunoreactivities of lymphoid calls

Material Mantle zone Marginal zone Monocytoid cells

Fresh frozen sections
Spleen of gastric cancer (n = 7) DBA.44+, CD1 c -, CD5+, CD24+, DBA.44+, CD Ic -, CD5 -, CD24+

Paraffin wax sections
Spleen of gastric cancer (n = 14) Numerous DBA.44+ A few DBA+ cells DBA.44-, CD20+, MB-1+, CD45RA+

CD20+, MB-1+, CD45RA+, CD74+ CD20+, MB-1+, CD45RA+, CD74+ CD74+, CDw75+, CD43-, CD45RO-
CDw75-, CD43-, CD45RO- CDw75+, CD43-, CD45RO-

LFH of tonsil and lymph node DBA.44+
(n = 7) CD20 +, MB-1+, CD45RA+, CD74+

CDw75-, CD43-, CD45RO-
Monocytoid cells in Sj6gren's DBA.44-, DBA.44-, CD20+, MB-1+, CD45RA+

syndrome (n = 1) CD20+, MB-1+, CD45RA+, CD74+ CD74+, CDw75-, CD43-, CD45RO+
CDw75-, CD43-, CD45RO-
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Figure 1 Monocytoid -I
cells near the sheath artery .4
of the spleen (A) '41:
haematoxylin and eosin.
Monocytoid cells showing a rr
positive reaction for
CD2O(B), but not for
DBA.44 (C) (ABC 7' Y

4,~~~~~~~~~~~~~M.
inlethod). "IA Z, ,' b k , ;t'"(S f ,-SS

OV 4:~~~~~~~~~

(A)~~~~~~~~~~~~~
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A,, Or"'I.00an MBC and itsne a counterpart
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*~~~ ~ ~ ~ ~ ~ ~n imuoitceia comparisons of

*.4 W.tcells. T w t a r te t

.;~~ ~ ~ ~ ~ ~ C wa CD ,CD3.o,CD2S ,GDl9+,;

(A)

Figure 2 Several cells in Dno+catoidB cell lyClpho+a
showEieg surfac stainingCfor DBA. 44 (ABC nMCthod).

..... CL 14 Th cces.in p w
(B)8 0Morphologicalsimilaritiesbetween H CL cells

Cand MBC and , lastic counterpart
P4,j' MBCLahavepromoted severalimmunological

.,.i.t;46$&ev,,.9.S>o t.The reseand tmmunohistochemcal comparlisons of
these cells . Traweek et al reported that

1* ,.@,6S't.Xe.''i ...........with ths eiHCL was Cs5tudie,Cwh-, CD19+,
posyCD20+, CDf lc+, CD25+, andPCA5R+C.4
andExceptfor CD25(Tac) negativity, MBCL
cytshowed a similar pattern of reactivity to
iHCL. The circulating MBCL cells exhib-
ited strong acid phosphatase activity that was

;;;; ~~tartrate sensitive, which does not occur in
HCL cells. In paraffin wax sections Stroup
and Sheibani reported similar reactivities

(B) between HCL and MBCL cells: CD45RA+,
CD20+, CDw75+, CD74+, LN3+, MB2+,
CD45RO-, CD43-, and CD15-.1 These
authors suggested that the origin ofMBCL is a
site closely adjacent to thesofH f HCL.posi
The present immunohistochemical findings in
MBCL and HCL are in general agreement
with those of previous studies, which indicate
positivity for CD20, MB- 1, CD45RA, CD74,
and CDw75, and negativity for monoclonal
antibodies for macrophages and T lympho-
cytes. Reactivity for CD74 was rather stronger
in MBCL cells than in HCL cells.
The monoclonal antibody DBA.44 is active

on paraffin wax embedded specimens and
reacts with HCL cells."3 Indeed, the prolifera-
ting cells in all our cases ofHCL stained posi-
tively for DBA.44 . Recently, Hounieu et al
reported that DBA.44 showed the strongest
membrane staining in the tumour cells of cen-
troblastic, immunoblastic, and MBC type
among cases of node-based lymphomas.'"
However, only one of seven cases of MBCL in
the present study was reactive with DBA.44.

(A) Buffered formalin and Bouin's solution were
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Figure 3 (A) Spleen
invaded by hairy cell
leukemia haematoxylin
and eosin. (B) Hairy cell
leukemia cells show distinct
surface staining for
DBA. 44 (ABC method).

(A) (B)

reported to be the optimal fixatives for
DBA.44 staining.'5 The decreased staining
propensity of our cases of MBCL might have
been attributable to the type of fixative used-
10% formalin.

All cases of MCL were positive for
DBA.44. This antibody is known to be
reactive with mantle zone lymphocytes, the
normal counterpart of MCL. However, the
immunoreactivities of MCL (CD5+,
CD1 ic -) were quite different from those of
MBCL and HCL (CD5-, CD11c+).'4 In
LFH of lymph node and tonsil DBA.44 had
its strongest reaction for mantle zone lympho-
cytes. The MBC in lymph nodes of toxoplas-
mic lymphadenitis and HIV associated
lymphadenitis have been reported to show
weak positive staining for DBA.44.'5 In the
present study the MBC in lymph nodes
affected by Sjogren's syndrome were not reac-
tive with DBA.44, which might also have
been caused by decreased staining propensity
due to 10% formalin fixation.

There have been suggestions that HCL
might originate from the splenic marginal
zone,'6 17 but a normal counterpart of the
HCL cell has not yet been substantiated. On
frozen sections, the marginal zone lympho-
cytes in the spleen were not reactive with
CD1lc and CD25 (Tac),'5 but these were
positive in HCL specimens. Some studies
have suggested that marginal zone cells occur
in the lymph node,'9 but others refute this. In
the present immunohistochemical study on
frozen sections of spleen the lymphocytes in
the mantle zone were DB.A.44+, CDllc-,
CD5+, CD24+ and in the marginal zone were
DBA.44+, CD1 1c-, CD5-, CD24+. In the
paraffin wax sections numerous cells positive
for DBA.44 were found in the mantle zone
but only a few DBA.44 positive cells in the
marginal zone. These findings agree with
those of the previous report.'5

Our recent study of the spleen in patients
with gastric cancer showed the presence of
MBC, especially in older patients.6 We dis-
cussed the possibility that MBC in the spleen
could be a non-neoplastic counterpart of
HCL. However, the MBC observed in the
spleens of the present 14 patients with gastric
cancer did not react positively for DBA.44.

In conclusion, this study has shown that
DBA.44 reacted more strongly with MCL
than MBCL. Non-neoplastic MBC were usu-
ally negative for DBA.44, but a positive reac-
tion was seen in neoplastic MBC(MBCL),
suggesting an increased reactivity for neo-
plastic cells.
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